Research background and hypothesis. The objective of this study was to compare the velocity of changes of cardiac output and muscular oxygen desaturation during the graded exercise stress in endurance and sprint cohorts.
INTRODUCTION

P
hysical exercise or workload induces a cardiovascular system to increase delivery of oxygen and metabolic substrates to actively contracting skeletal muscles (Bangsbo, Hellsten, 1998; Saltin et al., 1998; Burgomaster et al., 2008; Gibala, 2012) . The blood flow to muscles is generally proportional to their metabolic activity (Bangsbo, Hellsten, 1998; Hughson, Tschakovsky, 1999; Burgomaster et al., 2008) .
The different effects of training on cardiovascular system undoubtedly reflect adaptations of various factors involved in the regulation of muscle blood flow and delivery of oxygen (Delp, 1998; Burgomaster et al., 2008; Buchheit et al., 2012) . A lot of studies of the last years showed high effect of the sprint type of exercising on health benefits and oxygen consumption in muscular tissue (Davison, 2011; Buchheit et al., 2012; Hanon et al., 2012; Hazell et al., 2012) . Why are the studies which allow comparing and understanding the peculiarities of acute and chronic effects on endurance and sprint training so important? The one important question is how these body functions behave under conditions of increasing fatigue. The objective of this study was to compare the velocity of changes of cardiac output and muscular oxygen desaturation during the graded exercise stress in endurance and sprint cohorts.
RESEARCH METHODS
The subjects of this study were 13 long distance runners, aged 21.3 ± 1.31, body mass index 21.2 ± 0.49, and 11 sprinters, aged 20.9 ±1.15, body mass index 22.3 ± 0.32.
The bicycle ergometric method of incremental increase in workload (graded stress) was used. The subjects underwent a 50 W increase in workload every 6 minutes (60 revolutions/min) and they exercised it till the inability to continue the task or if the distressing cardiovascular symptoms supervened.
The heart rate and cardiac output were measured with tetrapolar chest rheography (RPG2-02, Medtekhnika, Moscow, Russia), a convenient and bloodless method based on the Kubicek procedure (Pushkar et al., 1977) . The stroke volume was calculated from the impedance change information using a formula that relates impedance changes to volume changes in a conducting solid (Kubicek et al., 1966) .
Near-infrared spectroscopy (NIRS) was used for the non-invasive monitoring of oxygen desaturation in tissues (StO 2 ). The InSpectra Standard System Model 325, which was developed by Hutchinson Technology Inc. (Hutchinson, MN, USA), was used for this purpose. This is a noninvasive monitoring system that was designed to measure an approximated percentage of StO 2 . A 25 mm probe spacing (between sending and receiving fibres) on the tissue sample was used. StO 2 dynamical changes and recovery were monitored continuously (every 3.5 s). The InSpectra sensor was placed on the thigh, on the lateral head of the rectus femoral muscle.
The velocity of changes of registered indices was calculated in percent per one minute, i. e.:
where m n -value of parameter at the moment, and m (n-1) -value of parameter recorded one minute before.
Statistical analysis was performed using the statistical software package SPSS, version 17.0. The recorded variables exhibited parametric and non-parametric distributions. Differences between certain stages were tested using Tukey's HSD test. The level of significance was conducted at p < 0.05. Figure 1 A presents the dynamics of HR during the incremental increase in workload. A stepwise increase of HR depends on the work rate. The faster increase of HR was observed in the sprint than in the endurance cohort, but comparing the maximal HR values registered while performing the last stage of workout we found no statistically significant difference between the cohorts (p > 0.05).
RESEARCH RESULTS
The initial values of cardiac output obtained with tetrapolar chest rheography before the exercising was 5.3 ± 0.6 l/min in sprint and 6.1 ± 0.4 l/min in endurance cohorts. The cardiac output intensified depending on the work rate (Figure 2 B) . The increase of cardiac output while performing the workload had the same tendency of stepwise increase with the each higher stage in both cohorts. This tendency was strongly observable during the first stages of the workout and weakened when exercising became subjectively hard, i.e. during the last stages of the workout. The highest values were registered during the last stages of the workout, i.e. in the endurance cohort up to 31.2 l/min, and in the sprint cohort up to 19.4 l/min. Dynamics of StO 2 during the incremental exercising are presented in Figure 2 . The type of curves indicates that these changes depended on the work rate and this was typical of both cohorts. The level to which StO 2 decreased when the exercising became subjectively hard was similar for both cohorts. During the recovery after the workload the StO 2 increased rapidly.
Velocities of changes of cardiac output and StO 2 during the incremental bicycle ergometry are presented in Table. The averaged values of change at each stage of workout were similar for both cohorts when the velocities of changes in cardiac output were compared (p > 0.05). We found statistically significant higher velocities of changes in StO 2 in the sprint cohort than in the endurance cohort (p < 0.05, see tinted parts of the Table) while the participants exercised at the stages of 150 W and 200 W. 
DISCUSSION
The bicycle ergometric workload which was used in our investigation engaged a large muscle mass, so the functional capacity of the cardiovascular system plays an important role (Saltin et al., 1998; Burgomaster et al., 2008) . It is the capacity of "resistance vessels" to alter dramatically their internal diameter that provides a rapid and effective means for regulating blood flow through the peripheral vasculature (Saltin et al., 1998; Hughson, Tschakovsky, 1999) . During exercise at VO 2 max, approximately 85% of cardiac output is directed toward the skeletal muscle (Rowel, 1993) . Thus, an intense arterial circulation in active muscles is a good condition for the delivery of oxygen and metabolic substrates to, as well as removal of metabolic by-products and heat from actively contracting muscles (Delp, 1998) . Blood flow increases in proportion to the intensity of exercise (Saltin et al., 1998) and these changes in muscle blood flow influence directly the intensity of oxidative metabolic processes (Bangsbo, Hellsten, 1998; Joyner, Proctor, 1999; Amann, Calbet, 2008) .
The results obtained during this study showed a well-known feature of lower physical performance abilities of the sprint cohort in bicycle ergometry compared to the endurance trained athletes (Delp, 1996; Saltin et al., 1998; Gibala et al., 2012) . The higher cardiac performance is one of the causes of that as it was shown during this study. The endurance cohort features a more extensive slow augmentation and greater peak values of cardiac output compared to the sprint cohort. We found statistically significantly higher velocities of changes in StO 2 in the sprint cohort while the participants of this study exercised at the stages of 150 W and 200 W. These two last stages were subjectively hard to all participants of the sprint cohort and only for a few participants form the endurance cohort, i. e. all of them were unable to continue the task. The majority of subjects from the endurance cohort demonstrated higher performance abilities, i. e. they exercised even at the stages of 250 W and 300 W, and namely at this moment StO 2 decreased to the same lowest level. This means that the same type of changes and the same smallest degree of StO 2 occur just before the moment of inability to continue the exercising. This correspond to the statement that work efficiency in humans is relatively fixed for a given work task (Wasserman et al., 2004) , i. e. the slope of the relationship between oxygen consumption and cycle ergometer rate is approximately the same for all normal people.
CONCLUSIONS
1. The lower physical performance abilities are typical of the sprint cohort compared to the endurance cohort, but there were no differences between the averaged maximal HR values registered at the end of incremental ergometry.
2. The endurance cohort featured a more extensive slow augmentation and greater peak values of cardiac output compared to the sprint cohort.
3. The same type of changes and the same degree of muscular oxygen desaturation occur at the point of the inability to continue the exercising, but faster changes in oxygen desaturation in muscular tissue are characteristic of the sprint cohort compared to the endurance. Table are given in percent per one minute.
